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Abstract
We analyze the impact of border adjustment policies on trade, pollution and welfare when 
firms, located in different countries, sell differentiated products in geographically-separated 
markets. Transportation of goods not only incurs a cost, but also generates emissions. We 
compare outcomes under competition and multimarket collusion. Cooperating governments 
can implement the first-best using appropriate border adjustments regardless of the market 
structure. When governments set policies non-cooperatively, the border adjustment tariffs 
exceed the marginal damage from emissions. While it is expected that colluding firms would 
reduce trade flows relative to competition, trade increases under collusion, resulting in higher 
welfare. This highlights the possibility of allowing firms to collude and taxing (part of) their 
profits, which can be redistributed to citizens or used to mitigate the effects of pollution.

Keywords Transport pollution · Cross-hauling · Strategic government policy · Border 
adjustments · Multimarket collusion · Differentiated goods

JEL Classification Q56 · F18 · H23 · L13 · L41 · D43.

1 Introduction

International transport accounts for 33% of total world trade-related emissions, while it 
also accounts for 75% of emissions for major manufacturing categories (Cristea et  al. 
2013). If shipping “were accounted for as a nation, [it] would rank as the world’s sixth big-
gest emitter” (BBC 2018). Further, emissions from shipping are estimated to increase by 
up to 250% and at least by 50% by 2050 (European Commission, 2019).1 Many exporters 
and products that might seem “clean” from an output emission perspective turn out to be 
heavy emitters when pollution from transport is incorporated. Overall, the evidence high-
lights the importance of emissions from international transportation of goods in determin-
ing environmental outcomes.

 * Shiva Sikdar 
 shivasikdar@gmail.com

1 Keele Business School, Keele University, Keele ST5 5BG, UK

1 Hummels and Schaur (2013) explains the increase in relatively more expensive and pollution intensive air 
transport of goods as compared to sea transport as a result of the time cost of shipping delays.
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The global prevalence of international cartels operating in multiple countries is known.2 
Bond (2004), Bond and Syropoulos (2008), Connor (2007) and Deltas et al. (2012) provide 
multiple examples of international cartels in various industries. While most international 
cartels involve cross-hauling of goods across markets, colluding firms are expected to 
reduce cross-hauling relative to oligopolistic competition to save on transport costs. Hence, 
given that international goods transportation is a major source of emissions, collusion is 
expected to have a positive impact on environmental outcomes. Simultaneously, cartels, 
in general, impose a social welfare cost by limiting output or increasing prices relative to 
perfectly competitive or oligopolistically competitive markets. Governments can use bor-
der adjustments not only to address the emission externality generated due to trade but also 
to improve welfare. This paper analyzes how these different aspects interact. It compares 
outcomes under oligopolistic competition (henceforth, competition for brevity) to collusion 
when firms located in different countries sell differentiated products in geographically-
separated markets and transportation of products generates emissions, while governments 
implement border adjustments. We consider how border adjustments depend on the market 
structure, competition versus multimarket collusion, and have differential impacts on trade, 
emissions and welfare.

This paper has multiple contributions. Pollution generated by transportation of goods 
is modeled. The role of border adjustments in addressing this trade-generated externality 
is analyzed.3 Note that, with production or consumption generated emissions, in general, 
border adjustments can only work as second-best instruments to internalize the effect of 
underregulated foreign-generated emissions. However, when trade is the source of emis-
sions as in the case of international transport-generated emissions, border adjustments are 
direct instruments to target the source of emissions. Further, border adjustments can be 
implicitly used to address multiple policy objectives.4 This paper compares how the effects 
of border adjustments on pollution and welfare differ with the market structure—competi-
tion versus multimarket collusion—since the governments’ incentives differ with the mar-
ket structure.

Two countries (markets) have one firm each, which produce differentiated products sold 
in both markets. Apart from the transportation cost incurred in shipping goods across mar-
kets, cross-hauling also generates emissions. Consumers in each market have varied prefer-
ences—there is a continuum of consumers of unit mass uniformly placed on a Hotelling 
interval. Each firm produces one variety of product—each at one end of the interval. Each 
consumer purchases one of the two varieties and her disutility from consuming a variety 
other than her ideal variety depends on the distance on the Hotelling interval. Governments 
implement border adjustments. We compare trade volumes, pollution and welfare under 
different government behaviors (Pigovian, cooperative and non-cooperative) and under dif-
ferent market structures.

2 Connor (2009) highlights 516 “formal official investigations” of suspected international cartels operating 
in multiple countries between 1990 and 2008. The total known affected sales by these international cartels 
is estimated to be US$16 trillion. Masoudi (2007) discusses that “[o]f the nearly $1.38 billion in criminal 
fines imposed in Antitrust Division cases during the past five years, more than ninety percent were imposed 
in connection with the prosecution of international cartel activity”.
3 Earlier studies have focused on border adjustments in the context of production emissions. See, among 
others, Stiglitz (2006), Fischer and Fox (2011), Keen and Kotsogiannis (2014), and Mehling et al. (2018).
4 Ederington and Minier (2003) provide evidence of the use of pollution policies as second-best trade pol-
icy. Eisenbarth (2017) analyzes the use of trade policies as second-best environmental policies in China.
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Deltas et  al. (2012) compare competitive and collusive outcomes when two firms, 
located in different countries, produce differentiated products and cross-haul products 
across markets at a cost. There is no pollution externality nor government policies. They 
find that cross-hauling is too high under competition; colluding firms reduce cross-hauling 
to save on transport costs. While the underlying model is similar, the current paper is dif-
ferent from their study. Given the empirical evidence on transport emissions, we model 
pollution generated by international cross-hauling of goods. Further, we analyze border 
adjustments to address the pollution externality.

We find that all border adjustment tariffs are positive under both market structures 
(we do not place any a priori restriction on any of these). When governments cooperate, 
regardless of the market structure, the first-best market shares (trade flows), emissions and 
welfare can be implemented. However, when governments set policies non-cooperatively, 
trade (cross-hauling) is too low under competition and increases under collusion. This is 
driven by the difference in the government’s incentives to use border adjustments under 
competition and collusion. Border adjustment tariffs on exports or imports reduce trade 
(hence, pollution). Border adjustments on exports raise the domestic firm’s profits under 
competition, but this profit-shifting motive is absent when firms collude. Under compe-
tition, the export border adjustment payments are a transfer within the economy—from 
the domestic firm to the government; however, when firms collude, given profit sharing 
between firms, part of these payments are borne by the other country. Border adjustments 
on imports, under either market structure, reduce the consumer surplus of consumers who 
buy the imported variety. Under competition, these tariffs also lower the surplus of con-
sumers who consume the domestic variety. However, the surplus of these latter consumers 
is increasing in the import tariffs under collusion; this is because colluding firms lower the 
price of the domestic variety to save on net transport costs (which include tariffs). There 
is no profit-shifting motive for imposing border adjustments on imports under collusion, 
while this effect is positive under competition. The revenue effect of import border adjust-
ments is lower under collusion as part of the cost is borne by the domestic economy due to 
profit sharing by firms. Overall, these differential effects result in more restrictive border 
adjustments under competition relative to collusion, giving rise to the unexpected outcome 
of more trade (cross-hauling) under collusion than under competition. Furthermore, border 
adjustments exceed the own marginal damage from emissions such that there is too lit-
tle cross-hauling/trade (relative to the first-best). Under collusion, despite firms’ tendency 
to reduce trade (cross-hauling), the overall reduced incentive of governments to restrict 
trade implies that trade volumes are higher, resulting in higher welfare than the competitive 
market structure. In contrast to the existing literature [for instance, Newbery and Stiglitz 
(1984), Eden (2007), Deltas et al. (2012)], which finds that autarky can be welfare-superior 
to trade, we find that trade is welfare-improving over autarky even with a pollution exter-
nality and non-cooperative border adjustment policies.

Related papers that study the impact of carbon taxes on international transportation and 
emissions from transportation are few. Shapiro (2016) shows that, with perfectly competi-
tive firms, trade increases CO2 emissions. An exogenous tax on emissions from shipping 
increases (decreases) welfare in ‘wealthy’ (‘poor’) countries, while aggregate welfare 
increases. In contrast, we focus on firms with market power, and compare environmen-
tal and welfare outcomes under different market structures. Further, we consider strategic 
border adjustment policies rather than exogenous emission taxes. Avetisyan (2018) uses a 
modified GTAP-E model to analyze the effect of GHG taxes on the transportation sector, 
focusing on the choice of international mode of goods transportation. Since air transport 
is the most emission intensive, a GHG tax results in substitution from air towards water 
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transport; this is driven by the higher substitutability between air and water transport, rela-
tive to air and land transport. Further, the tax affects goods with lower value to weight 
ratio more adversely and also negatively impacts the competitiveness of transport services 
from developing countries, which are relatively more emission intensive. Overall, transport 
emissions fall due to the tax. Mundaca et al. (2021) focuses on the effect of carbon taxes 
on international maritime transport of heavy products from 21 industries when exporters 
choose both export quantities and the distance to their trade partners. A global emission tax 
on CO2 of US$40 per ton reduces emissions; similar to Avetisyan (2018), the greatest (low-
est) impact is on products with low (high) value to weight ratios. Unlike our study, neither 
of the above papers, however, analyze the use of border adjustments nor strategic policy 
setting by governments, nor do they compare different market structures.

The literature on trade and environmental policies is also related to this current 
paper [see Copeland and Taylor (2004), for a comprehensive review], especially the 
work on strategic environmental policies in the presence of international oligopolies, 
building on the Brander and Spencer (1985) framework. In an international oligopo-
listic setting, without any pollution externality, governments can use export taxes and/
or subsidies to shift profits in favor of domestic producers exporting their products 
[see, for instance, Eaton and Grossman (1986)]. Barrett (1994) applies this to the con-
text of countries using weak environmental standards to implicitly subsidize domes-
tic firms competing in oligopolistic international markets; however, the pollution is 
purely local. See, among others, Neary (2006) for details on the use of environmen-
tal policies as second-best instruments to subsidize domestic firms. Recent papers 
incorporating emissions in the Brander-Spencer framework, albeit with focus on the 
comparison of tradable versus nontradable emission permits, include Antoniou et al. 
(2014) and Lapan and Sikdar (2022). While the incentive to use environmental/trade 
policies to shift profits is also present in our setup, none of the above papers con-
sider transport-generated emissions; the border adjustments are direct mechanisms to 
address this trade-generated externality. Nor do these papers consider the role of the 
market structure—competition versus collusion; the incentives to use environmental 
policies to shift profits in favor of the domestic firm differ dependent on whether the 
firms compete or collude.

The policy relevance of border adjustments is highlighted by the recently 
announced EU border adjustment mechanism (European Commission, 2021); its 
application to emissions generated from international transportation of goods, a sig-
nificant source of international pollution, is the next logical step. Border adjustments 
are a direct mechanism to address the pollution externality generated by international 
transportation of products (a direct outcome of trade). We show that the Pigovian 
tax does not always guarantee efficiency—while it internalizes the pollution external-
ity, the tax cannot internalize the welfare loss due to the firms’ market power. Coop-
erative governments, however, implement the first-best outcome through appropriate 
border adjustments, highlighting the importance and power of governments cooperat-
ing. Finally, the result that the collusive outcome is welfare-superior to competition 
provides some justification for allowing cartels to operate. Governments could tax 
part of the cartel’s profits and redistribute to citizens. The cartel tax revenue could be 
used to mitigate the effects of pollution or these revenues could be invested in R &D 
efforts for cleaner technology. Funds could also be used to further incentivize or part-
fund efforts by organizations like the International Maritime Organization to encour-
age innovation and to improve the transfer of technology (International Maritime 
Organization, 2018). The legal literature [for instance, Monti (2002), and Townley 
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(2009)] indicates that laws in the European courts and European treaties should take 
in to account public interests. In the context of our study, this would imply allowing 
multimarket collusion, which increases welfare.

The rest of the paper is organized as follows. In the next section, we present the model 
and derive the first-best and autarky outcomes. Section 3 derives the trading equilibrium in 
terms of the border adjustment tariffs and the equilibrium without any border adjustments. 
Section 4 compares competitive and collusive outcomes under Pigovian taxation and under 
cooperative governments, while Sect. 5 analyzes non-cooperative government policies. Sec-
tion 6 concludes. An Appendix contains proofs of a Lemma and all Propositions. A Supple-
mentary Appendix derives conditions under which trigger strategies can sustain collusion 
between firms.

2  The Model

Horizontally differentiated goods are produced by two firms, A and B, located in different 
countries, 1 and 2, respectively. We use the terms markets and countries interchangeably. 
Transportation of goods from country i to j, which are geographically separated, incurs unit 
cost, 𝛾 > 0 , i, j = 1, 2 , i ≠ j . Each market has a continuum of consumers, uniformly distributed 
over a unidimensional product characteristic space, over the interval [0, 1]. Consumer type 
is denoted by x ∈ [0, 1] . Firm A’s product is located at the left endpoint, while B’s is at the 
right endpoint, of this unit interval. Both firms face a constant marginal cost of production, 
c ≥ 0 . Consumers choose to buy either one unit of one of the goods or none. Firms can price 
discriminate across markets but not within a market. Denote the prevailing product price in 
market i as pi ≡ (piA, piB) . The reservation price for a consumer’s ideal variety is v and the 
disutility from consuming a variety different from the ideal variety is linear in the distance 
along the Hotelling interval, with slope 𝜃 > 0 . This basic model follows (Deltas et al., 2012).

A consumer, xi , in market i chooses good A when 
UA(piA; xi) ≡ v − �xi − piA ≥ max(UB(piB; xi), 0) , with UB(piB; xi) ≡ v − �(1 − xi) − piB . 
Good B is chosen if UB(piB; xi) > max(UA(piA; xi), 0) . The marginal consumer, x̂i , is deter-
mined by UA(piA; xi) = UB(piB; xi) , implying:

Hence, the market shares (in country i) for firms A and B are, respectively, x̂i(pi) and 
1 − x̂i(pi) . We will carry out our analysis in terms of market 1; outcomes in market 2 are 
analogous. Firm B exports/transports (1 − x̂1) to market 1, while firm A exports/transports 
x̂2 to market 2. Emissions are a by-product of transportation/cross-hauling of products. Pol-
lution is a pure global public bad. Pollution damage in each country due to emissions from 
transportation of goods is:

Hence, the marginal pollution damage in country i from cross-hauling of its exports to 
(imports from) country j is:

(1)x̂i =
1

2
+

piB − piA

2𝜃
, i = 1, 2.

D(1 − x̂1, x̂2) =
𝛿

2
(1 − x̂1 + x̂2)

2, 𝛿 > 0.

(2)MD = 𝛿(1 − x̂1 + x̂2) ≥ 0, i, j = 1, 2, i ≠ j.
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We focus on the role of border adjustments when there is trade and consumers purchase 
one of the goods. Hence, we restrict the parameter space as follows:

Assumption 1 The cost of transportation is sufficiently low relative to the degree of con-
sumers’ preference for the ideal variety, 𝛾 < 𝜃.

Assumption 2 The reservation price for the consumer’s ideal variety is sufficiently high: 
v ≥ c +

�+3�

2
+

(2�+�)(3�−�)+6�2

4(�+2�)
.

Assumption 1 guarantees that the strength of the consumers’ preference for ideal variety, 
� , is sufficiently great relative to the transport cost, � , so that there is trade and both firms 
serve both markets under either market structure; hence, 0 < x̂i < 1 , i = 1, 2 . Assumption 2 
implies that the consumer’s reservation price for the ideal variety is sufficiently high such 
that under either competition or collusion, the consumer who is indifferent between the two 
varieties, A and B, will prefer these to the outside option. Hence, consumers buy one of the 
two varieties of the products, i.e., UA(piA, x̂i) = UB(piB, x̂i) > 0.5

Suppose each government, i = 1, 2 , implements a border adjustment policy comprised 
of an export tariff, �i ⋚ 0 , and an import tariff, ti ⋚ 0 . We do not impose any a priori 
restriction on the tariffs, i.e., we allow subsidies or zero tariffs also. The border adjustments 
imply the following net transportation cost for firms A and B, respectively: ( � + �1 + t2 ) 
and ( � + �2 + t1 ). Under competition, welfare in country 1 is6:

The first and second terms represent the consumer surpluses from the consumption of the 
domestic and imported varieties, respectively. The third and fourth terms are, respectively, 
the domestic firm’s profits from selling to the home and foreign markets. The fifth and 
sixth terms are, respectively, the government’s export and import tariff revenues, while the 
last term is the pollution damage.

When firms maximize joint profits, welfare of each country depends on the profit-shar-
ing rule between firms. We assume that firms share the total profits equally.7 Welfare in 
country 1 is:

(3)

WC
1
=∫

x̂1

0

(v − 𝜃x − p1A)dx + ∫
1

x̂1

(v − 𝜃(1 − x) − p1B)dx + ∫
x̂1

0

(p1A − c)dx

+ ∫
x̂2

0

(p2A − c − (𝛾 + 𝜏1 + t2))dx + ∫
x̂2

0

𝜏1dx + ∫
1

x̂1

t1dx −
𝛿

2

(
1 − x̂1 + x̂2

)2
.

5 Note that, depending on the situation, the restrictions on parameters are different—here, we impose the 
strictest ones so that there is trade and consumers purchase one of the products in all the scenarios consid-
ered.
6 The superscripts C and JM denote the competitive and collusive (joint profit maximization) regimes, 
respectively.
7 Such a multimarket profit-sharing arrangement can be supported using trigger strategies—this is pre-
sented in a Supplementary Appendix. Note that an alternate arrangement between firms could be where 
they maximize joint profits, but each firm retains its own profit. Then, it would be only the domestic firm’s 
profit rather than half the sum of the profits of both firms that would enter a country’s welfare function even 
under joint profit maximization. The main results under the current profit-sharing assumption would hold 
under the alternate assumption.
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where the first and second terms, respectively, denote the consumer surplus from consum-
ing the domestic and imported varieties. The sum of the third through sixth terms is the 
aggregate profit of the two firms—the third and fourth terms are the profits of the domestic 
firm (A) from selling in the home and foreign markets, respectively, while the fifth and 
sixth term together represent the total profit of the foreign firm (B). The seventh and eighth 
terms are, respectively, the government’s export and import tariff revenues; the last term 
reflects the welfare loss due to pollution.

2.1  Timing

The timing of the game is as follows: 

1. Governments simultaneously set their border adjustment policies, i.e., choose the export 
and import tariffs.

2. Firms simultaneously choose product prices for domestic and foreign markets.
3. Output is produced, cross-hauling of products occurs and consumption takes place.

2.2  First‑best

The first-best market shares, x̂1 and x̂2 , are chosen to maximize aggregate welfare of the two 
countries, W = W1 +W2:

The first-order necessary conditions for aggregate welfare maximization imply the first-
best market shares and trade flows (the superscript  denoting the first-best):

the first-best domestic market shares, x̂∗
1
 and 1 − x̂∗

2
 , are increasing in the transport cost 

( � ) and the marginal damage from pollution ( � ), while they are decreasing in the degree 

(4)

WJM
1

=∫
x̂1

0

(v − 𝜃x − p1A)dx

+ ∫
1

x̂1

(v − 𝜃(1 − x) − p1B)dx +
1

2

[
∫

x̂1

0

(p1A − c)dx

+ ∫
x̂2

0

(p2A − c − (𝛾 + 𝜏1 + t2))dx

+ ∫
1

x̂1

(p1B − c − 𝛾 − 𝜏2 − t1)dx + ∫
1

x̂2

(p2B − c)dx

]

+ ∫
x̂2

0

𝜏1dx + ∫
1

x̂1

t1dx −
𝛿

2

(
1 − x̂1 + x̂2

)2
,

(5)

W = 2(v − c) − ∫
x̂1

0

𝜃xdx − ∫
1

x̂1

(𝜃(1 − x) + 𝛾)dx

− ∫
x̂2

0

(𝜃x + 𝛾)dx − ∫
1

x̂2

𝜃(1 − x)dx − 𝛿
(
1 − x̂1 + x̂2

)2
.

(6)x̂∗
1
= 1 − x̂∗

2
=

𝛾 + 4𝛿 + 𝜃

2(2𝛿 + 𝜃)
and x̂∗

2
= 1 − x̂∗

1
=

𝜃 − 𝛾

2(2𝛿 + 𝜃)
> 0.
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of consumers’ preference for ideal variety ( � ). Higher transport cost or pollution dam-
age lowers the gains from trade and, thus, shifts the consumption pattern in favor of the 
home variety, while stronger preference for the ideal variety increases trade as it increases 
the gains from trade. Naturally, the socially optimal cross-hauling levels are decreasing 
in the transport cost and the marginal damage from emissions, while they are increasing 
in the strength of the consumers’ preference for the ideal variety. Aggregate emission, 
Z∗ = 1 − x̂∗

1
+ x̂∗

2
=

𝜃−𝛾

2𝛿+𝜃
 , is decreasing in � and � , while it is increasing in � . This follows as 

the former reduce trade (hence, emissions), while the latter increases trade (and emissions).

2.3  Autarky

Autarky welfare in country 1 can be written as:

where the superscript a denotes autarky. Note that, given that there is no cross-hauling of 
goods in autarky, there is no emission from transportation of goods.

Under autarky, if the consumers’ reservation price is sufficiently high, i.e., if v ≥ c + 2� , 
there is complete market coverage by the domestic firm. Assumptions 1 and 2 imply that 
there is complete market coverage under autarky, i.e., x̂a

1
= 1.8 Then, firm A sets price 

such that the surplus of the marginal consumer is zero, i.e., v − � − pa
1A

= 0 , implying 
pa
1A

= v − �.9

3  Trade

We, now, derive the decentralized prices and market shares in terms of the tariffs—we 
will use these to derive the equilibria under different assumptions on government behavior. 
Recall that �i and ti are, respectively, the export and import tariffs imposed by government 
i, i = 1, 2.

3.1  Competition

Given the location of the marginal consumer in country 1, x̂1(p1) , firm A’s problem is: 
maxp1A (p1A − c) x̂1(p1) = (p1A − c)

[
1

2
+

p1B−p1A

2𝜃

]
 , implying the following best-response 

function: p1A =
1

2
(c + � + p1B) . Similarly, firm B’s problem, 

maxp1B (p1B − c − (𝛾 + 𝜏2 + t1))(1 − x̂1(p1)) , yields its best-response function: 

Wa
1
= ∫

x̂a
1

0

(v − 𝜃x − p1A)dx + ∫
x̂a
1

0

(p1A − c)dx = ∫
x̂a
1

0

(v − 𝜃x − c)dx,

8 Assumption  2 implies v ≥ c +
3

2
� +

�

2
+

9�2+6��−��−2��

2(�+2�)
 . It can be checked that v ≥ c + 2� if 

�
2
+ 9�2+6��−��−2��

2(�+2�)
≥ �

2
 , i.e., if 7�2 + 4�� + �� + �(� − �) ≥ 0 , which is always satisfied since 𝛾 < 𝜃 

(Assumption 1).
9 Note that a possible market sharing arrangement between colluding firms could be that each firm serves 
only its domestic market. Such an arrangement would result in the autarky outcomes with no transportation 
of goods and, hence, no emissions externality. However, as shown later (Proposition 3), autarky results in 
lower welfare than the cross-hauling market sharing arrangement considered.
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p1B =
1

2
(c + � + (� + �2 + t1) + p1A) . Solving the best-response functions yields the prices 

and market shares in terms of the tariffs:

Note that an increase in the transport cost ( � ) or the strength of consumers’ preference for 
their ideal variety ( � ) increases all prices. This occurs because an increase in � increases 
the transport cost component of prices, while an increase in � increases consumer’s will-
ingness to pay for their ideal variety. An increase in � makes cross-hauling of products 
more expensive and reduces trade, thereby decreasing the market shares of the imported 
varieties ( 1 − x̂C

1
, x̂C

2
 ) while increasing the domestic firms’ market shares ( ̂xC

1
, 1 − x̂C

2
 ). How-

ever, stronger preference for the ideal variety ( � ↑ ) increases trade and market share of the 
imported variety, thereby reducing the domestic firm’s market share. When firms compete, 
an increase in the relevant border adjustment tariff (say, �j or ti ) increases prices of both 
varieties in market i, ( i, j = 1, 2 , i ≠ j ). Restricting trade (by increasing tariffs) directly 
increases the price of the imported variety due to increased net cost of the cross-hauling 
(including the tariff); this allows the domestic producer to charge a higher price. The mar-
ket share of the foreign firm in, say, country 1 ( 1 − x̂1 ), is decreasing in the export tariff 
of country 2, �2 , and the import tariff of country 1, t1 ; these tariffs increase the net price 
(inclusive of tariffs) of imports to country 1 ( pC

1B
 ), thereby reducing the market share of 

imports. On the other hand, the domestic market share in country 1 ( ̂x1 ) is increasing in 
the import tariff of that country, t1 , and export tariff of the other country, �2 ; these tariffs 
increase the price of the imported product, thereby, increasing x̂C

1
.

3.2  Collusion

When firms collude to maximize joint profits, they act as a monopolist. Firms set prices such that 
the marginal consumer’s surplus is zero, i.e., 
UA(p1A, x̂1(p1)) = v − 𝜃x̂1 − p1A = v − 𝜃(

1

2
+

p1B−p1A

2𝜃
) − p1A = 0 , implying 

p1B = 2v − � − p1A . The cartel’s maximization problem for market 1 can, thus, be written as: 
maxp1A,p1B (p1A − c) x̂1(p1) + (p1B − c − (𝛾 + 𝜏2 + t1))(1 − x̂1(p1)) such that 
UA(p1A, x̂1(p1)) = 0 , which simplifies to: 
maxp1A,p1B (p1A − c)

v−p1A

�
+ (2v − � − p1A − c − (� + �2 + t1))

(
1 −

v−p1A

�

)
 . The first-order 

conditions for this problem imply:

(7)pC
1A

= c + � +
�

3
+

�2 + t1

3
and pC

1B
= c + � +

2

3
� +

2

3
(�2 + t1),

(8)x̂C
1
=

1

2
+

𝛾

6𝜃
+

𝜏2 + t1

6𝜃
and 1 − x̂C

1
=

1

2
−

𝛾

6𝜃
−

𝜏2 + t1

6𝜃
,

(9)pC
2A

= c + � +
2

3
� +

2

3
(�1 + t2) and pC

2B
= c + � +

�

3
+

�1 + t2

3
,

(10)x̂C
2
=

1

2
−

𝛾

6𝜃
−

𝜏1 + t2

6𝜃
and 1 − x̂C

2
=

1

2
+

𝛾

6𝜃
+

𝜏1 + t2

6𝜃
.

(11)pJM
1A

= v −
�

2
−

�

4
−

�2 + t1

4
and pJM

1B
= v −

�

2
+

�

4
+

�2 + t1

4
,
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Higher � results in a higher price of the imported variety due to higher transportation 
cost. To save on the higher transportation cost, the colluding firms reduce the price of the 
domestic variety to incentivize consumers to buy the domestic variety. Hence, a higher � 
increases the domestic market share and reduces that of the imported variety. A stronger 
preference for the ideal variety ( � ↑ ) raises consumers’ disutility from not consuming their 
ideal variety; hence, colluding firms reduce the prices of both varieties to incentivize con-
sumers to be more willing to purchase their non-ideal variety. Higher � results in a lower 
market share for the domestic firm ( ̂x1 ) and a higher market share for the imported product 
( 1 − x̂1 ) in market 1. An increase in the export tariff of country 2 ( �2 ) or the import tariff 
of country 1 ( t1 ) increases the price of the imported variety in country 1 ( p1B ) due to the 
higher (net) cost of cross-hauling. The colluding firms reduce the price of the domestic 
variety ( p1A ) to save on these higher (net) cross-hauling costs. This, in turn, increases the 
domestic market share ( ̂x1 ) and reduces the market share of the imported variety ( 1 − x̂1 ) in 
market 1.

Before proceeding further, it is worth noting the following10:

Lemma 1 Welfare is concave in the domestic market share, i.e., W1 is concave in x̂1.

Welfare ( W1 ) can be written in terms of the domestic market share, x̂1 . Since the wel-
fare function is concave in x̂1 , provided both the competitive and collusive market shares 
are either higher or lower than the first-best market share, x̂∗

1
 , whichever market structure 

results in market shares closer to the first-best results in higher welfare.

3.3  No Border Adjustments

Suppose governments do not implement any policy, i.e., �i = ti = 0 , i = 1, 2.

3.3.1  Competition

Eqs. (7)–(10) imply the following prices and market shares:

(12)x̂JM
1

=
1

2
+

𝛾

4𝜃
+

𝜏2 + t1

4𝜃
and 1 − x̂JM

1
=

1

2
−

𝛾

4𝜃
−

𝜏2 + t1

4𝜃
,

(13)pJM
2A

= v −
�

2
+

�

4
+

�1 + t2

4
and pJM

2B
= v −

�

2
−

�

4
−

�1 + t2

4
,

(14)x̂JM
2

=
1

2
−

𝛾

4𝜃
−

𝜏1 + t2

4𝜃
and 1 − x̂JM

2
=

1

2
+

𝛾

4𝜃
+

𝜏1 + t2

4𝜃
.

(15)
pC
1A

= pC
2B

= c + 𝜃 +
𝛾

3
and pC

1B
= pC

2A
= c + 𝜃 +

2𝛾

3
,

x̂C
1
= 1 − x̂C

2
=

1

2
+

𝛾

6𝜃
and x̂C

2
= 1 − x̂C

1
=

1

2
−

𝛾

6𝜃
.

10 All proofs are relegated to the Appendix.



417Trade, Transport Emissions and Multimarket Collusion with…

1 3

x̂C
1
∈ (0, 1) provided 0 < 𝛾 < 3𝜃 , which holds given Assumption 1; hence, there is cross-

hauling under competition when governments do not implement any border adjustments.

3.3.2  Collusion

Setting �i = ti = 0 , i = 1, 2 , in Eqs. (11)–(14), we have:

It can be checked that x̂JM
1

< 1 , i.e., there is cross-hauling under collusion, provided 𝛾 < 2𝜃 
which is guaranteed by Assumption 1.

Using Eqs. (6), (15) and (16), it is straightforward to verify that x̂∗
1
> x̂JM

1
> x̂C

1
 , imply-

ing 1 − x̂∗
1
< 1 − x̂JM

1
< 1 − x̂C

1
 , i.e., relative to the first-best, there is too much cross-hauling 

when governments do not implement any policy. However, the market shares and trade vol-
umes are closer to the first-best outcome under collusion than under competition. Hence, 
Lemma 1 implies that welfare is higher under collusion than under competition, but both 
are lower than the first-best level, i.e., WC

1
< WJM

1
< W∗

1
 . For the rest of the paper, we focus 

on policy-active governments.

4  Government Policy

Suppose both governments implement border adjustment policies, ( �i, ti ), i = 1, 2.

4.1  Pigovian Border Adjustments

To begin with, suppose governments set tariffs at the Pigovian levels, 
equal to the own marginal damages of emissions from cross-hauling prod-
ucts. Using Eq. (2): 𝜏1 = t2 = MDx̂2

(1 − x̂1 + x̂2) = 𝛿(1 − x̂1 + x̂2) and 
t1 = 𝜏2 = MD1−x̂1

(1 − x̂1 + x̂2) = 𝛿(1 − x̂1 + x̂2) . The following Proposition compares out-
comes under different market structures:

Proposition 1 (Pigovian Border Adjustments) Suppose governments implement Pigovian 
border adjustments to internalize the impact of emissions on own welfare. Then: 

1. The border adjustments are higher under competition than under collusion: 
𝜏C = tC =

𝛿(3𝜃−𝛾)

3𝜃+2𝛿
>

𝛿(2𝜃−𝛾)

2(𝜃+𝛿)
= 𝜏JM = tJM.

2. The domestic and foreign market shares under competition and collusion are, respec-
tively: 

(16)
pJM
1A

= pJM
2B

= v −
𝜃

2
−

𝛾

4
and pJM

1B
= pJM

2A
= v −

𝜃

2
+

𝛾

4
,

x̂JM
1

=
1

2
+

𝛾

4𝜃
and x̂JM

2
= 1 − x̂JM

1
=

1

2
−

𝛾

4𝜃
.

x̂C
1
=

𝛾 + 4𝛿 + 3𝜃

2(2𝛿 + 3𝜃)
, 1 − x̂C

1
=

3𝜃 − 𝛾

2(2𝛿 + 3𝜃)
and

x̂JM
1

=
𝛾 + 4𝛿 + 2𝜃

4(𝛿 + 𝜃)
, 1 − x̂JM

1
=

2𝜃 − 𝛾

4(𝛿 + 𝜃)
.
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 Trade is lower under collusion than under competition: 1 − x̂C
1
> 1 − x̂JM

1
> 1 − x̂∗

1
> 0.

3. Pollution is lower under collusion relative to competition: ZJM =
2𝜃−𝛾

2(𝛿+𝜃)
<

3𝜃−𝛾

2𝛿+3𝜃
= ZC.

4. Welfare is higher under collusion than under competition, but both are lower than the 
first-best welfare.

5. Autarky welfare can exceed those under the Pigovian policy rule if the degree of consum-
ers’ preference for their ideal variety, � , is not too large relative to the marginal damage 
from pollution, � , and the transport cost, �.

There is too much trade (cross-hauling) relative to the first-best under either market structure. 
However, under collusion, firms reduce cross-hauling relative to competition to save on transpor-
tation costs. Given that governments set Pigovian tariffs to internalize the own marginal damage 
from emissions and since cross-hauling falls under collusion relative to competition, we have: 
𝜏JM < 𝜏C and tJM < tC . Note that the Pigovian rule of setting border adjustments to internalize 
the own marginal damage from emissions is the same under both market structures; the levels of 
border adjustments are different since the trade volumes (hence, emissions) are different under 
competition and collusion. The Pigovian border adjustments are decreasing in the transportation 
cost ( � ) as the latter reduces cross-hauling and, hence, emissions, thereby reducing the marginal 
damage. An increase in � increases the marginal damage from pollution and, thus, the Pigovian 
tariffs. Stronger preference for the ideal variety makes trade more beneficial with accompanying 
increase in emissions; hence, the Pigovian border adjustments are increasing in � . Pollution is 
decreasing in transport cost ( � ) and the marginal damage from pollution ( � ), but is increasing in 
the degree of consumer’s preference for the ideal variety ( � ). Higher � reduces cross-hauling of 
products, thereby reducing emissions; a higher � increases the border adjustment tariffs, result-
ing in lower trade and pollution. Higher � makes trade more desirable, resulting in more trade 
and higher pollution. Trade volumes (domestic market shares) under either market structure are 
too high (low) under Pigovian policies relative to the first-best. Collusion results in lower cross-
hauling relative to competition bringing the market shares and trade volumes closer to the first-
best levels and result in higher welfare than under competition. Hence, x̂C

1
< x̂JM

1
< x̂∗

1
 implies 

WC
1
< WJM

1
< W∗

1
 (Lemma 1). Proposition 1.5 follows since the loss from the inability to trade 

is lower if � is relatively low, while the damage from pollution (due to cross-hauling) is high 
when � is relatively high. Of course, higher transport cost ( � ) increases the inefficiency from 
cross-hauling.

Remark 1 The Pigovian border adjustments internalize the overall impact of the pollution 
externality but do not guarantee efficiency due to the firms’ market power.

When governments use Pigovian border adjustments to internalize own marginal dam-
ages from pollution, the overall impact of pollution is internalized as the sum of the tariffs 
equals the joint marginal damage from pollution.11 In the absence of any other market fail-
ure, this would generate an efficient outcome. However, in our setup, this does not happen 
due to the firms’ market power; the Pigovian adjustments, while internalizing the emis-
sions externality, do not internalize the impact of the firm’s market power on welfare.

11 We focus on outcomes from the perspective of the two policy-active countries. If there is a policy-inac-
tive third country (or rest of the world) which is affected by the pollution generated in these countries, the 
above border adjustment rule would not fully internalize the global impact of pollution.
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4.2  Cooperative Government Policies

Suppose governments cooperatively choose border adjustments to maximize the sum of 
welfare of the two countries, i.e., to maximize Wcoop = W1 +W2 . The following Proposi-
tion summarizes the results under cooperative governments:

Proposition 2 (Cooperative Government Policies) Suppose governments cooperate and set 
policies to maximize the joint welfare of the two countries: 

1. The cooperative outcomes under competition and collusion, respectively, can be sup-
ported by different combinations of border adjustment tariffs: 

2. Irrespective of the market structure, the first-best trade flows and market shares can be 
i m p l e m e n t e d :  x̂C

1,coop
= x̂JM

1,coop
= x̂∗

1
=

𝛾+4𝛿+𝜃

2(2𝛿+𝜃)
 a n d 

1 − x̂C
1,coop

= 1 − x̂JM
1,coop

= 1 − x̂∗
1
=

𝜃−𝛾

2(2𝛿+𝜃)
.

3. Pollution is at the first-best level: ZC = ZJM = Z∗ =
�−�

2�+�
.

4. The border adjustments on both products exceed the marginal damage from emissions: 
(𝜏C

1,coop
−MDC) + (tC

2,coop
−MDC) = (𝜏C

2,coop
−MDC) + (tC

1,coop
−MDC) =

2𝜃(2𝛿+𝛾)

2𝛿+𝜃
>

𝜃(2𝛿+𝛾)

2𝛿+𝜃
= (𝜏JM

1,coop
−MDJM) + (tJM

2,coop
−MDJM) = (𝜏JM

2,coop
−MDJM) + (tJM

1,coop
−MDJM) > 0.

5. Welfare under either market structure equals the first-best welfare.

Cooperating governments, regardless of the market structure, through appropriate use of bor-
der adjustments, can implement the first-best outcomes. Note that the aggregate world welfare, 
Eq. (5), can be expressed in terms of the market shares, x̂1 and x̂2 . By appropriately choosing 
combinations of border adjustment tariffs, ( �2 + t1 ) and ( �1 + t2 ), cooperating governments can 
implement the first-best market shares and, hence, the first-best outcomes under either the com-
petitive or collusive market structure. Note that, given cooperation between governments, there 
exist different combinations of border adjustments which can implement the first-best market 
shares to maximize joint welfare. However, all such combinations must satisfy condition (17) 
or (18) depending on the market structure. Furthermore, governments cooperatively set tariffs 
higher than the marginal damages to reduce trade (cross-hauling) to the first-best levels; apart 
from internalizing the emissions externality, the tariffs also address the excessive cross-hauling 
that the firms undertake. Firms reduce cross-hauling under collusion relative to competition to 
save on transport costs; hence, lesser overregulation is required under collusion as cross-hauling 
needs to be reduced less than that under competition.

(17)𝜏C
1,coop

+ tC
2,coop

= 𝜏C
2,coop

+ tC
1,coop

=
2𝛿(𝜃 − 𝛾) + 2𝜃(2𝛿 + 𝛾)

2𝛿 + 𝜃
> 0,

(18)and 𝜏JM
1,coop

+ tJM
2,coop

= 𝜏JM
2,coop

+ tJM
1,coop

=
2𝛿(𝜃 − 𝛾) + 𝜃(2𝛿 + 𝛾)

2𝛿 + 𝜃
> 0.
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5  Non‑cooperative Government Policy

Now, suppose that governments non-cooperatively choose border adjustments to maximize 
own welfare. This is in contrast to Proposition 1 above, where the Pigovian rule was fol-
lowed to internalize the pollution externality imposed on its own citizens.

5.1  Competition

To better understand the difference in strategic incentives between the competitive and col-
lusive market structures, it is useful to write the government’s best-response functions in 
general terms. To begin with, we explicitly write the effects of changes in the tariffs on the 
distribution of welfare among different types of consumers, the firms and the government. 
However, as some of these are transfers within the country, they do not matter from the 
country’s aggregate welfare perspective. Using Eq. (3), government 1’s best-response func-
tions of can be written as:

The border adjustment export tariff ( �1 ) is used to shift profits in favor of the domestic 
firm (A) by raising the price of its product in the export market (i.e., in market 2). There is 

dWC
1

d�1
=
(

p2A − c − � − �1 − t2
) �x̂2
��1

+ ∫

x̂2

0

(

�p2A
��1

− 1
)

dx
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

effect on firm A’s profit

+ ∫

x̂2

0
dx + �1

�x̂2
��1

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏟
government revenue effect

− �(1 − x̂1 + x̂2)
�x̂2
��1

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
pollution effect

,

=
(

p2A − c − � − t2
) �x̂2
��1

+ ∫

x̂2

0

�p2A
��1

dx

− �(1 − x̂1 + x̂2)
�x̂2
��1

= 0,

and
dWC

1
dt1

=
(

v − �x̂1 − p1A
) �x̂1
�t1

− ∫

x̂1

0

�p1A
�t1

dx
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

effect on consumer surplus of A

−
(

v − �(1 − x̂1) − p1B
) �x̂1
�t1

− ∫

1

x̂1

�p1B
�t1

dx

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
effect on consumer surplus of B

+
(

p1A − c
) �x̂1
�t1

+ ∫

x̂1

0

�p1A
�t1

dx
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

effect on firm A’s profit

− t1
�x̂1
�t1

+ ∫

1

x̂1
dx

⏟⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏟
government revenue effect

− �(1 − x̂1 + x̂2)
�x̂1
�t1

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
pollution effect

,

= − �x̂1
�x̂1
�t1

+
(

�(1 − x̂1) + p1B
) �x̂1
�t1

− ∫

1

x̂1

�p1B
�t1

dx

− c
�x̂1
�t1

− t1
�x̂1
�t1

+ ∫

1

x̂1
dx − �(1 − x̂1 + x̂2)

�x̂1
�t1

= 0.
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no net export tariff revenue effect as these payments are transfers within the country. The 
export tariffs also reduce pollution by restricting cross-hauling, specifically exports. The 
border adjustment import tariff ( t1 ) lowers the consumer surplus of both types of consum-
ers in market 1. The profit of firm A in market 1 (the home market) increases due to the 
restriction on imports; the latter increases the domestic firm’s market share and the price 
of its product in the home market. The import revenue effect is positive, while the import 
tariff also reduces imports and hence, pollution. Note that the border adjustment tariffs are 
strategic substitutes.

Writing the market shares and prices in terms of the tariffs and solving the best-response 
functions for the two countries simultaneously, we have the non-cooperative border adjust-
ment tariffs under competition:

Although we have not imposed any a priori restriction on the border adjustments, i.e., we 
allow positive, negative or no adjustment, the non-cooperative border adjustments turn out 
to be in the form of positive import and export tariffs.

5.2  Collusion

When firms maximize joint profits, using Eq. (4), government 1’s best-response functions 
can be written as:

(19)

𝜏C
1
= 𝜏C

2
≡ 𝜏C =

(𝜃 − t)(𝛿 + 𝜃)

2(𝛿 + 2𝜃)
> 0 and tC

1
= tC

2
≡ tC =

8𝜃2 + 𝛿(5𝜃 − 𝛾)

2(𝛿 + 2𝜃)
> 0.

dWJM
1

d𝜏1
=
1

2

⎛
⎜⎜⎜⎜⎜⎝

(p2A − c − 𝛾 − 𝜏1 − t2)
𝜕x̂2

𝜕𝜏1
+ ∫

x̂2

0

�
𝜕p2A

𝜕𝜏1
− 1

�
dx

�����������������������������������������������������������������������������
effect on firm A’s profit

−

�
(p2B − c)

𝜕x̂2

𝜕𝜏1
− ∫

1

x̂2

𝜕p2B

𝜕𝜏1

�

�����������������������������������������
effect on firm B’s profit

⎞⎟⎟⎟⎟⎟⎠
+ ∫

x̂2

0

dx + 𝜏1
𝜕x̂2

𝜕𝜏1
�������������������

government revenue effect

− 𝛿(1 − x̂1 + x̂2)
𝜕x̂2

𝜕𝜏1
���������������������

pollution effect

,

=
1

2

�
(p2A − c − 𝛾 − t2)

𝜕x̂2

𝜕𝜏1
+ ∫

x̂2

0

𝜕p2A

𝜕𝜏1
dx − (p2B − c)

𝜕x̂2

𝜕𝜏1
+ ∫

1

x̂2

𝜕p2B

𝜕𝜏1

�

+
1

2

�
∫

x̂2

0

dx + 𝜏1
𝜕x̂2

𝜕𝜏1

�
− 𝛿(1 − x̂1 + x̂2)

𝜕x̂2

𝜕𝜏1
,
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When firms collude to maximize joint profits, there is no net profit-shifting incentive since 
governments care about the joint profits, not just the domestic firm’s profits. Also, note 
the difference in the net revenue effect of export border adjustments ( �1 ) under the dif-
ferent market structures. Under competition, this revenue is a transfer from the domestic 
firm to the government, so there is no net revenue effect on welfare, but under joint profit 
maximization, this revenue effect is positive as part of this cost is borne by the foreign 
country. The export border adjustment tariff also reduces pollution by lowering the volume 
of exports. Note that the import border adjustment tariff ( t1 ) increases consumer surplus for 
those consuming the domestic variety, i.e., variety A; this is driven by colluding firms low-
ering the price of the domestic variety (A) as the net transport cost (inclusive of the border 
adjustment tariff on imports) increases with t1 . This import tariff reduces the consumer sur-
plus for those consuming the imported variety (B). The net revenue effect of import border 
adjustments is lower under collusion than under competition; this is because part of this 
payment is borne by the domestic country when firms share profits. Finally, the import bor-
der adjustment tends to reduce pollution by reducing cross-hauling. Once again, the border 
adjustment tariffs are strategic substitutes.

and
dWJM

1

dt1
=
�
v − 𝜃x̂1 − p1A

�𝜕x̂1
𝜕t1

− ∫
x̂1

0

𝜕p1A

𝜕t1
dx

���������������������������������������������������
effect on consumer surplus of A

−
�
v − 𝜃(1 − x̂1) − p1B

�𝜕x̂1
𝜕t1

− ∫
1

x̂1

𝜕p1B

𝜕t1
dx

�������������������������������������������������������������
effect on consumer surplus of B

+
1

2

⎛⎜⎜⎜⎜⎜⎝

�
p1A − c

�𝜕x̂1
𝜕t1

+ ∫
x̂1

0

𝜕p1A

𝜕t1
dx

�����������������������������������������
effect on firm A’s profit

− (p1B − c − 𝛾 − 𝜏2 − t1)
𝜕x̂1

𝜕t1
+ ∫

1

x̂1

�
𝜕p1B

𝜕t1
− 1

�
dx

�����������������������������������������������������������������������������
effect on firm B’s profit

⎞⎟⎟⎟⎟⎟⎠
− t1

𝜕x̂1

𝜕t1
+ ∫

1

x̂1

dx

�����������������
government revenue effect

− 𝛿(1 − x̂1 + x̂2)
𝜕x̂1

𝜕t1
���������������������

pollution effect

,

= −
�
𝜃x̂1 +

1

2
p1A

�𝜕x̂1
𝜕t1

−
1

2 ∫
x̂1

0

𝜕p1A

𝜕t1
dx +

�
𝜃(1 − x̂1) +

1

2
p1B

�𝜕x̂1
𝜕t1

−
1

2 ∫
1

x̂1

𝜕p1B

𝜕t1
dx +

1

2
(𝛾 + 𝜏2)

𝜕x̂1

𝜕t1
−

1

2
t1
𝜕x̂1

𝜕t1

+
1

2 ∫
1

x̂1

dx − 𝛿(1 − x̂1 + x̂2)
𝜕x̂1

𝜕t1
= 0.
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Writing the best-response functions in terms of the tariffs and solving these functions 
for the two countries simultaneously, we have the non-cooperative border adjustment 
tariffs under collusion:

The following Proposition summarizes our findings:

Proposition 3 (Non-cooperative Government Policies) When governments set border 
adjustment policies non-cooperatively: 

1. The border adjustment tariffs under competition and collusion are given by Eqs. (19) 
and (20), respectively.

2. The domestic market shares and trade flows under competition and collusion are, respec-
tively: 

 Trade (cross-hauling) is higher when firms collude than when firms compete: 
1 − x̂∗

1
> 1 − x̂JM

1
> 1 − x̂C

1
.

3. Pollution is higher under multimarket collusion: ZC =
𝜃−𝛾

2(𝛿+2𝜃)
<

𝜃−𝛾

2𝛿+3𝜃
= ZJM.

4. The border adjustments exceed the own marginal damage from emissions: 

5. Welfare is higher when firms collude rather than compete, but both are lower than the 
first-best welfare.

6. Welfare under non-cooperative government policies always exceeds the autarky welfare.

When border adjustments are implemented non-cooperatively, the outcomes are very 
different from what would be expected. In general, one would expect that trade (cross-
hauling) would be lower under collusion as colluding firms try to save on transport cost, 
while government policies would be expected to further restrict trade to reduce emissions. 
However, we find that, with non-cooperative government policies, trade flows are higher 
when firms collude as compared to the situation in which firms compete; domestic market 
coverage is lower under collusion relative to competition. Our results are in contrast to 
the previous literature [for instance, Deltas et al. (2012)] which shows that trade flows are 
lower under collusion relative to competition without government policies. Further, they 
find that there is too much trade (cross-hauling), compared to the first-best, under either 
market structure. However, with non-cooperative government policies, we find that there is 
too little trade, relative to the first-best, under both market structures. The collusive market 

(20)
𝜏JM
1

= 𝜏JM
2

≡ 𝜏JM =
(𝜃 − 𝛾)(𝛿 + 𝜃)

2𝛿 + 3𝜃
> 0 and

tJM
1

= tJM
2

≡ tJM =
3𝜃2 + 𝛿(3𝜃 − 𝛾)

2𝛿 + 3𝜃
> 0.

x̂C
1
=

𝛾 + 4𝛿 + 7𝜃

4(𝛿 + 2𝜃)
, 1 − x̂C

1
=

𝜃 − 𝛾

4(𝛿 + 2𝜃)
and

x̂JM
1

=
𝛾 + 4𝛿 + 5𝜃

2(2𝛿 + 3𝜃)
, 1 − x̂JM

1
=

𝜃 − 𝛾

2(2𝛿 + 3𝜃)
.

𝜏C −MDC > 0, tC −MDC > 0, 𝜏JM −MDJM > 0, tJM −MDJM > 0,

and
(
𝜏C −MDC

)
+
(
tC −MDC

)
>
(
𝜏JM −MDJM

)
+
(
tJM −MDJM

)
> 0.
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structure results in increased trade (cross-hauling) relative to competition. This is driven by 
the differential strategic incentives of governments under competition and collusion despite 
firms’ tendency to lower cross-hauling/trade under collusion. The profit-shifting motive is 
positive under competition but absent under collusion; hence, a weaker incentive to restrict 
trade under collusion. Under competition, there is no net export tariff revenue effect as it 
is a transfer within the economy, while the effect is positive under collusion as part of this 
cost is borne by the foreign country. On the other hand, the net import tariff revenue effect 
is stronger under competition relative to collusion due to profit sharing under the latter. 
While the surplus of consumers purchasing the domestic variety is decreasing in the import 
tariff under competition, this surplus increases with the import tariff under collusion; the 
latter is driven by colluding firms lowering the price of the domestic variety to reduce net 
transport costs (which increases due to the border adjustment import tariff). Overall, the 
above effects together increase border adjustment tariffs beyond the own marginal damage 
from emissions under either market structure. However, the lack of profit-shifting motive 
results in lower overregulation (and hence, more cross-hauling) under collusion than under 
competition. It is straightforward to verify that, under both market structures, pollution is 
decreasing in transport cost ( � ) and marginal pollution damage ( � ), while it is increasing 
in the degree of consumer’s preference for the ideal variety ( � ). The welfare ranking in 
Proposition 3 follows from the outcome that, although cross-hauling is too low (i.e., the 
domestic market share is too high) under non-cooperative policy setting, relative to the 
first-best, the collusive outcomes are closer to the first-best levels than those under compe-
tition; see Fig. 1. The governments’ weaker incentives to restrict trade when firms collude 
than when they compete results in increased cross-hauling and market shares closer to the 
first-best under collusion, which, in turn, results in higher welfare under collusion relative 
to competition. Furthermore, in contrast to the previous literature [for instance, Newbery 
and Stiglitz (1984), Eden (2007), and Deltas et al. (2012)], who find that, in the absence 
of government policies, autarky can be welfare superior to trade, we find that, even with 
non-cooperative border adjustment policies and a pollution externality, trade is welfare-
improving relative to autarky.

6  Concluding Remarks

We analyzed border adjustment policies when firms sell differentiated products across dif-
ferent countries and transportation of goods generates pollution.The vast empirical evi-
dence suggests that international transportation of goods is a major source of emissions. 
However, the fairly large literature on trade and pollution, and that on border tax adjust-
ments has focused on the case of production-related emissions, as has the literature on non-
cooperative environmental policies. Given the recent move by the EU laying out plans to 
impose border adjustments on ‘dirty’ products to prevent carbon leakage, it is likely that 
the next logical step is to turn to emissions generated from transportation. Further, in the 
case of emissions generated from international transport of goods, border adjustments are 
direct instruments to address the externality.

We also look at the role of the market structure in determining environmental and wel-
fare outcomes under border adjustments. It would be expected that, combined with gov-
ernment policies to tackle pollution from international transportation of goods, a collusive 
market structure would result in lower trade (hence, lower pollution). However, we find 
the unexpected result that multimarket collusion increases trade (cross-hauling) relative 
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to competition, bringing it closer to the first-best level. This means that, despite having 
higher pollution under collusion relative to competition, welfare is higher when firms col-
lude. This indicates the scope for redistributive transfers to citizens. This could be done 
through a tax on firms for the right to collude and using these revenues as transfers to 
citizens. Although beyond the scope of the current paper, part of these revenues could also 
be invested in cleaner technology or emission abatement. Supporting efforts to increase 
innovation and technology transfer by organizations like the International Maritime Organ-
ization is another plausible use of such revenues. Allowing multimarket collusion which 
increases welfare is also in keeping with the case made in the legal literature [for instance, 
Monti (2002), and Townley (2009)] that laws in the European courts and European treaties 
should take in to account public interests.

We allow governments to condition border adjustments on the market structure. How-
ever, in practice collusion is often tacit and may be difficult to detect. We have focused on 
a Hotelling framework with no aggregate demand effects (i.e., the markets are always cov-
ered) to highlight the role of strategic border adjustments to address a transport-generated 
externality. Border adjustments to address pollution externalities have usually been consid-
ered by countries with mature markets (for instance, within the European Union and in the 
United States under the Waxman-Markey Bill) where abstraction from such aggregate vol-
ume effects do not seem a restrictive assumption. The findings from this model should apply 
as one brings in aggregate demand effects, provided the latter are not too strong. Nonethe-
less, the strategic motives and forces we highlight would be applicable in any case. Further, 
to keep the analysis tractable and intuitive, we focused on a symmetric model. By continu-
ity, the findings of this model should apply to situations in which the countries are asymmet-
ric provided they are sufficiently similar. These are some avenues for future research.

Appendix

Proof of Lemma 1 Aggregate world welfare, Eq. (5), can be written in terms of x̂1  
(hence, the volume of trade): W = 2(v − c) − 𝜃 − 2𝛾 − 4𝛿 + 2x̂

1
(𝛾 + 𝜃 + 4𝛿)

−2x̂2
1
(𝜃 + 2𝛿)(since x̂

2
= 1 − x̂

1
) . Given symmetry, in equilibrium, W1 = W2 = W∕2 . It can 

be checked that 𝜕W1

𝜕x̂1
= 𝛾 + 𝜃(1 − 2x̂1) + 4𝛿(1 − x̂1) ⪌ 0 as x̂1 ⪋ x̂∗

1
 , 𝜕

2W1

𝜕x̂2
1

= −2(𝜃 + 2𝛿) < 0 

and welfare is concave in x̂1 .   ◻

Proof of Proposition 1 Competition
 Governments set Pigovian border adjustments equal to the own marginal damage from 

emissions generated by the transportation of exports by the domestic firm and of imports 
from the foreign country, taking the other government’s policies and firms’ behavior as 
given [using Eq. (2)]:

Country 2’s tariffs can be found in a similar manner. Solving these simultaneously, we 
have:

�1 =
�(2(3� − �) − �2 − t1 − t2)

(� + 6�)
and t1 =

�(2(3� − �) − �1 − �2 − t2)

(� + 6�)
.
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Collusion
Given government 2’s policy and firms’ collusive behavior, government 1 sets its tariffs 

equal to the own marginal damage from emissions, Eq. (2):

Similarly, country 2’s tariffs can be derived. Solving these simultaneously, we have:

Using Eqs. (21) and (22), it is straightforward to verify that:

i.e., the export and import tariffs are lower under collusion than under competition.
Using Eqs. (7), (8) and (21), we can write the market shares, domestic and foreign vari-

ety prices under competition as, respectively,

Similarly, using Eqs. (11), (12) and (22), we have, under collusion:

(21)�C
1
= �C

2
≡ �C =

�(3� − �)

2� + 3�
and tC

1
= tC

2
≡ tC =

�(3� − �)

2� + 3�
.

�1 =
�(2(2� − �) − �2 − t1 − t2)

(� + 4�)
and t1 =

�(2(2� − �) − �1 − �2 − t2)

(� + 4�)
.

(22)�JM
1

= �JM
2

≡ �JM =
�(2� − �)

2(� + �)
and tJM

1
= tJM

2
≡ tJM =

�(2� − �)

2(� + �)
,

(23)𝜏C − 𝜏JM = tC − tJM =
𝛿𝜃(2𝛿 + 𝛾)

2(𝛿 + 𝜃)(2𝛿 + 3𝜃)
> 0,

(24)
pC
1A

= c +
𝜃(𝛾 + 4𝛿 + 3𝜃)

(2𝛿 + 3𝜃)
and pC

1B
= c +

𝜃(2𝛾 + 6𝛿 + 3𝜃)

(2𝛿 + 3𝜃)
,

x̂C
1
=

𝛾 + 4𝛿 + 3𝜃

2(2𝛿 + 3𝜃)
> 0 and 1 − x̂C

1
=

3𝜃 − 𝛾

2(2𝛿 + 3𝜃)
.

Fig. 1  Welfare in terms of market share
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The marginal consumer under competition and collusion can be compared as follows 
[using Eqs. (24) and (25)]:

i.e., x̂JM
1

> x̂C
1
 implying 1 − x̂JM

1
< 1 − x̂C

1
 and x̂JM

2
< x̂C

2
 . Thus, cross-hauling is lower under 

collusion relative to competition. It can be checked, using Eq. (6), that:

Pollution is lower under collusion as compared to competition: ZC = 1 − x̂C
1
+ x̂C

2
=

3𝜃−𝛾

2𝛿+3𝜃
 

and ZJM = 1 − x̂JM
1

+ x̂JM
2

=
2𝜃−𝛾

2(𝛿+𝜃)
 ⇒ ZJM < ZC.

The first-best welfare can be written as [using Eqs. (5) and (6)]:

Under autarky, welfare is (since x̂a
1
= 1 ): Wa

1
= ∫ 1

0
(v − �x − c)dx = v − c −

�

2
 , implying:

i.e., welfare is lower under autarky relative to the first-best.
Welfare under the competitive and collusive regimes can be written as, respectively: 

WC
1
= v − c −

�(8�2+30��+9�2)+2��(2�+9�)−�2(2�+5�)

4(2�+3�)2
 and W

JM

1
= v − c −

4�(2�2+4��+�2)+4��(�+2�)−�2(2�+3�)

16(�+�)2
 , 

implying:

We can also compare the above welfare to those under autarky and the first-best:

It is likely that Wa
1
> WJM

1
 if � is not too large relative to � and �.    □

Proof of Proposition 2 Under competition, using the prices and market shares in terms of 
the strategic variables, Eqs. (7)–(10), we can write the aggregate welfare, Eq. (5), as:

(25)
pJM
1A

=v −
𝜃(𝛾 + 4𝛿 + 2𝜃)

4(𝛿 + 𝜃)
and pJM

1B
= v −

𝜃(2𝜃 − 𝛾)

4(𝛿 + 𝜃)
,

x̂JM
1

=
𝛾 + 4𝛿 + 2𝜃

4(𝛿 + 𝜃)
> 0 and 1 − x̂JM

1
=

2𝜃 − 𝛾

4(𝛿 + 𝜃)
.

x̂JM
1

− x̂C
1
=

𝜃(2𝛿 + 𝛾)

4(𝛿 + 𝜃)(2𝛿 + 3𝜃)
> 0,

(26)
x̂
∗
1
− x̂

JM

1
=

𝜃(𝛾 + 2𝛿)

4(𝛿 + 𝜃)(2𝛿 + 𝜃)
> 0

⇒ x̂
∗
1
> x̂

JM

1
> x̂

C

1
and 1 − x̂

C

1
> 1 − x̂

JM

1
> 1 − x̂

∗
1
,

W∗
1
= v − c −

2��(3� + �) + �(8�2 + 5�� + �2) − �2(3� + �)

4(2� + �)2
.

(27)W∗
1
−Wa

1
=

(𝜃 − 𝛾)2(3𝛿 + 𝜃)

4(2𝛿 + 𝜃)2
> 0,

WJM
1

−WC
1
=

𝜃2(𝛾 + 2𝛿)2(6𝛿 + 7𝜃)

16(𝛿 + 𝜃)2(2𝛿 + 3𝜃)2
> 0.

W∗
1 −WJM

1 =
�2(4�3 + 8�2� + 6��2 + �3) + 4��2(3�2 + 3�� + �2) − 4���(�2 + 2�� + �2)

16(� + �)2(2� + �)2
> 0,

and Wa
1 −WJM

1 =
(2� − �)(2�� + 3�� − 2�2)

16(� + �)2
.
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Governments cooperatively choose the border adjustments tariffs, �i and ti , i = 1, 2 , to max-
imize the above aggregate welfare, WC

coop
 . The necessary conditions with respect to �1 and t1 

are, respectively:

Similarly, the necessary conditions for government 2 can be derived. Inspection of the 
above conditions reveal that, under cooperation, it is the sum of the border adjustments, 
( �1 + t2 ) and ( t1 + �2 ), that matter. Cooperating governments implement the first-best 
welfare by choosing the first-best market shares; it is the sum of the appropriate export 
and import tariffs that determine these market shares. The conditions dWC

coop
∕d�1 = 0 , 

dWC
coop

∕dt1 = 0 , dWC
coop

∕d�2 = 0 and dWC
coop

∕dt2 = 0 imply the following necessary condi-
tion for joint welfare maximization, Eq. (17):

When firms collude, the joint welfare of the two countries, Eq. (5), can be written as [using 
Eqs. (11)–(14)]:

WC
coop

= 2(v − c) − ∫
x̂C
1
=

1

2
+

𝛾+𝜏2+t1
6𝜃

0

𝜃xdx

− ∫
1

x̂C
1
=

1

2
+

𝛾+𝜏2+t1
6𝜃

(𝜃(1 − x) + 𝛾)dx − ∫
x̂C
2
=

1

2
−

𝛾+𝜏1+t2
6𝜃

0

(𝜃x + 𝛾)dx

− ∫
1

x̂C
2
=

1

2
−

𝛾+𝜏1+t2
6𝜃

𝜃(1 − x)dx − 𝛿

(
1 −

𝛾

3𝜃
−

𝜏1 + 𝜏2

6𝜃
−

t1 + t2

6𝜃

)2

.

�WC
coop

��1
= −

(
�

(
1

2
−

� + �1 + t2

6�

)
+ �

)(
−

1

6�

)
− �

(
1

2
+

� + �1 + t2

6�

)(
1

6�

)

− 2�

(
1 −

�

3�
−

�1 + �2

6�
−

t1 + t2

6�

)(
−

1

6�

)
= 0,

⇒ �1 =
6��

� + �
+

2(� − �)

� + �
� −

�

� + �
�2 −

�

� + �
t1 − t2,

i.e., �1 + t2 =
6��

� + �
+

2(� − �)

� + �
� −

�

� + �
(t1 + �2),

and
�WC

coop

�t1
= −�

(
1

2
+

� + �2 + t1

6�

)(
1

6�

)
+

(
�

(
1

2
−

� + �2 + t1

6�

)
+ �

)(
1

6�

)

− 2�

(
1 −

�

3�
−

�1 + �2

6�
−

t1 + t2

6�

)(
−

1

6�

)
= 0,

⇒ t1 =
6��

� + �
+

2(� − �)

� + �
� −

�

� + �
�1 −

�

� + �
t2 − �2,

i.e., t1 + �2 =
6��

� + �
+

2(� − �)

� + �
� −

�

� + �
(�1 + t2).

𝜏C
1,coop

+ tC
2,coop

= 𝜏C
2,coop

+ tC
1,coop

=
2𝛿(𝜃 − 𝛾) + 2𝜃(2𝛿 + 𝛾)

2𝛿 + 𝜃
> 0.
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Setting dWJM
coop

∕d�1 = 0 and dWJM
coop

∕dt1 = 0 , and simplifying we have:

Similarly, the necessary conditions for government 2 can be derived. Note that, as in the 
case of competition, governments cooperatively maximize welfare by implementing 
the optimal market shares, in this case, the first-best market shares, so the sum of border 
adjustment tariffs matter under cooperation, rather than the individual tariffs. The neces-
sary conditions for joint welfare maximization under collusion imply Eq. (18):

Equations (17) and (18) imply x̂C
1,coop

= x̂JM
1,coop

=
𝛾+4𝛿+𝜃

2(𝜃+2𝛿)
 . Comparing these to Eq. (6), it is 

clear that x̂C
1,coop

= x̂JM
1,coop

= x̂∗
1
 . Further, 1 − x̂C

1,coop
= 1 − x̂JM

1,coop
= 1 − x̂∗

1
=

𝜃−𝛾

2(2𝛿+𝜃)
 . Pollu-

tion is, hence, ZC = ZJM = Z∗ = 1 − x̂∗
1
+ x̂∗

2
=

𝜃−𝛾

2𝛿+𝜃
.

The own marginal damage from emission, Eq. (2), can be written as (since the coopera-
tive tariffs implement the first-best market shares given by Eq. (6)): 
MDC

1−x̂1
= MDC

x̂2
= MDC = MDJM

1−x̂1
= MDJM

x̂2
= MDJM = MD∗ = 𝛿(1 − x̂∗

1
+ x̂∗

2
) =

𝛿(𝜃−𝛾)

𝜃+2𝛿
 . 

Using Eqs. (17) and (18), we have: 
(𝜏C

1,coop
−MDC) + (tC

2,coop
−MDC) = (𝜏C

2,coop
−MDC) + (tC

1,coop
−MDC) =

2𝜃(2𝛿+𝛾)

2𝛿+𝜃
> 0 and 

(𝜏JM
1,coop

−MDJM) + (tJM
2,coop

−MDJM) = (𝜏JM
2,coop

−MDJM) + (tJM
1,coop

−MDJM) =
𝜃(2𝛿+𝛾)

2𝛿+𝜃
> 0  . 

Hence, (�C1,coop −MDC) + (tC2,coop −MDC) = (�C2,coop −MDC) + (tC1,coop −MDC) > (�JM1,coop −MDJM)
+ (tJM1,coop −MDJM).

Welfare under cooperative government policies can be compared as follows [using 
Assumptions (1) and (2) and Eq. (27)]:

  ◻

Proof of Proposition 3 When governments set tariffs non-cooperatively, the prices and mar-
ket shares can be written as [using Eqs. (7), (8) and (19), and Eqs. (11), (12) and (20) under 
competition and collusion, respectively]:

WJM
coop

= 2(v − c) − ∫
x̂JM
1

=
1

2
+

𝛾+𝜏2+t1
4𝜃

0

𝜃xdx − ∫
1

x̂JM
1

=
1

2
+

𝛾+𝜏2+t1
4𝜃

(𝜃(1 − x) + 𝛾)dx

− ∫
x̂JM
2

=
1

2
−

𝛾+𝜏1+t2
4𝜃

0

(𝜃x + 𝛾)dx

− ∫
1

x̂C
2
=

1

2
−

𝛾+𝜏1+t2
4𝜃

𝜃(1 − x)dx − 𝛿

(
1 −

𝛾

2𝜃
−

𝜏1 + 𝜏2

4𝜃
−

t1 + t2

4𝜃

)2

.

�WJM
coop

��1
= 0 ⇒ �1 + t2 =

4��

� + �
+

� − 2�

� + �
� −

�

� + �
(t1 + �2),

and
�WJM

coop

�t1
= 0 ⇒ t1 + �2 =

4��

� + �
+

� − 2�

� + �
� −

�

� + �
(�1 + t2).

𝜏JM
1,coop

+ tJM
2,coop

= 𝜏JM
2,coop

+ tJM
1,coop

=
2𝛿(𝜃 − 𝛾) + 𝜃(2𝛿 + 𝛾)

2𝛿 + 𝜃
> 0.

WC
1,coop

= WJM
1,coop

= W∗
1
= v − c −

𝜃(8𝛿2 + 5𝛿𝜃 + 𝜃2) + 𝛾(3𝛿 + 𝜃)(2𝜃 − 𝛾)

4(2𝛿 + 𝜃)2
> Wa

1
.
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Comparing Eqs. (29), (31) and (6), we can see that [using Assumption 1]:

Equations (29) and (31) imply the following pollution levels: ZC = 1 − x̂C
1
+ x̂C

2
=

𝜃−𝛾

2(𝛿+2𝜃)
 

and ZJM = 1 − x̂JM
1

+ x̂JM
2

=
𝜃−𝛾

2𝛿+3𝜃
 ⇒ ZC < ZJM.

Country 1’s marginal damages from transport emissions under competition and collu-
sion are, respectively, MDC

1−x̂1
= MDC

x̂2
= MDC = 𝛿ZC =

𝛿(𝜃−𝛾)

2(𝛿+2𝜃)
 and 

MDJM
1−x̂1

= MDJM
x̂2

= MDJM = 𝛿ZJM =
𝛿(𝜃−𝛾)

(2𝛿+3𝜃)
 , implying MDJM > MDC . Furthermore, Eqs. 

(19) and (20) imply: 𝜏C −MDC =
𝜃(𝜃−𝛾)

2(𝛿+2𝜃)
> 0 , tC −MDC = 2𝜃 > 0 , 

𝜏JM −MDJM =
𝜃(𝜃−𝛾)

(2𝛿+3𝜃)
> 0 and tJM −MDJM = 𝜃 > 0 . It can be checked that 

[(𝜏C −MDC) + (tC −MDC)] − [(𝜏JM −MDJM) + (tJM −MDJM)] =
𝜃(11𝜃2+4𝛿2+14𝛿𝜃+t𝜃)

2(𝛿+2𝜃)(2𝛿+3𝜃)
> 0  , 

i.e., there is greater overregulation under competition than under collusion.
Welfare under the competitive and collusive regimes are: 

WC
1
= v − c −

�(2�+5�)(4�+5�)+2��(2�+7�)−�2(2�+7�)

16(�+2�)2
 and 

WJM
1

= v − c −
�(8�2+22��+13�2)+2��(2�+5�)−�2(2�+5�)

4(2�+3�)2
 , implying:

Welfare under non-cooperative policy setting can be compared to the first-best and autarky 
levels:

  ◻

(28)pC
1A

= c +
𝜃(𝛾 + 4𝛿 + 7𝜃)

2(𝛿 + 2𝜃)
and pC

1B
= c +

𝜃(𝛾 + 3𝛿 + 5𝜃)

(𝛿 + 2𝜃)
⇒ pC

1A
− pC

1B
< 0,

(29)x̂C
1
=

𝛾 + 4𝛿 + 7𝜃

4(𝛿 + 2𝜃)
and 1 − x̂C

1
=

𝜃 − 𝛾

4(𝛿 + 2𝜃)
,

(30)pJM
1A

= v −
𝜃(𝛾 + 4𝛿 + 5𝜃)

2(2𝛿 + 3𝜃)
and pJM

1B
= v −

𝜃(𝜃 − 𝛾)

2(2𝛿 + 3𝜃)
⇒ pJM

1A
− pJM

1B
< 0,

(31)x̂JM
1

=
𝛾 + 4𝛿 + 5𝜃

2(2𝛿 + 3𝜃)
and 1 − x̂JM

1
=

𝜃 − 𝛾

2(2𝛿 + 3𝜃)
.

(32)

x̂JM
1

− x̂C
1
= −

𝜃(𝜃 − 𝛾)

4(𝛿 + 2𝜃)(2𝛿 + 3𝜃)
< 0 and x̂∗

1
− x̂JM

1
= −

𝜃(𝜃 − 𝛾)

(2𝛿 + 𝜃)(2𝛿 + 3𝜃)
< 0,

⇒ x̂∗
1
< x̂JM

1
< x̂C

1
and 1 − x̂∗

1
> 1 − x̂JM

1
> 1 − x̂C

1
.

WJM
1

−WC
1
=

𝜃2(𝜃 − 𝛾)2(10𝛿 + 17𝜃)

16(𝛿 + 2𝜃)2(2𝛿 + 3𝜃)2
> 0.

W∗
1
−WJM

1
=
(𝜃 − 𝛾)2(4𝛿3 + 12𝛿2𝜃 + 17𝛿𝜃2 + 4𝜃3)

4(2𝛿 + 𝜃)2(2𝛿 + 3𝜃)2
> 0 ⇒ W∗

1
> WJM

1
> WC

1
,

and Wa
1
−WC

1
= −

(𝜃 − 𝛾)2(2𝛿 + 7𝜃)

16(𝛿 + 2𝜃)2
< 0 ⇒ WJM

1
> WC

1
> Wa

1
.
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